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(54) Method of controlling direct gasoline injection type internal combustion engine with 
turbocharger and internal combustion engine thereof 



(57) A first object of the invention is to reduce an 
exhaust gas in a lean burn area which is expanded by 
a supercharging, in a direct gasoline injection type in- 
ternal combustion engine provided with a turbocharger. 
A second object of the invention is to prevent a knocking 
and a misfire at a time of self ignition combustion. The 
invention is used for the direct gasoline injection type 
internal combustion engine provided with the turbo- 
charger. In order to achieve the first object, a combus- 



tion mode is switched from a stratified combustion mode 
to a self ignition combustion mode at a time when a suc- 
tion pressure of the engine is equal to or more than an 
atmospheric pressure. Further, in order to achieve the 
second object, an ignition timing is set to a range be- 
tween a top dead center and 10 degrees after the top 
dead center (0 to 10 (ATDC)) at a time of operating an 
engine in accordance with a self ignition combustion 
mode. 



FIG. 2 



CM 
< 

CO 

in 

CD 
CO 



Q. 

LU 



SHAFT 
TORQUE 

Pe(bar) 



^ HOMOGENOUS 

OPERATION AREA 



FULL OPEN 
TORQUE 




STRATIFIED 
OPERATION AREA 



SELF 
IGNITION are* 



EMBODIMENT 

NA 



1000 2000 3000 4000 5000 
ENGINE ROTATION NUMBER Ne(rpm) 



6000 



Printed by Jcwe, 75001 PARIS (FR) 



1 



EP 1 365 134 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates to a method of 
controlling a direct gasoline injection type internal com- 
bustion engine with a turoocharger, and more particu- 
larly to a control method for improving a combustion at 10 
a time of being operated under a high load, purifying an 
exhaust gas and improving a specific fuel consumption. 

DESCRIPTION OF THE RELATED ART 

15 

[0002] In a lean burn engine as typified by a direct 
gasoline injection engine, for the purpose of improving 
a specific fuel consumption, in an operation area having 
a low engine torque, an internal combustion engine is 
operated under a state in which an air is excess in com- 20 
parison with a theoretical air fuel ratio, that is, under a 
so-called lean burn state. In the case that the lean burn 
is executed, an air amount which is defined by a fuel 
amount for achieving a torque required by a driver and 
a predetermined air fuel ratio is limited by an air volume 25 
displacement of the engine. Accordingly, a range in 
which the engine can be operated on the basis of the 
lean burn which is advantageous in view of improving 
the specific fuel consumption is limited to the range in 
which the engine torque is low. It is possible to expand 30 
the lean burn area by making the air fuel ratio small, 
however, since a fuel injection amount is also increased, 
an air-fuel mixture around an ignition plug becomes too 
rich. Accordingly, there is a problem that an incomplete 
combustion is generated and a smoke is generated. 35 
[0003] On the contrary, in JP-A-2000-248978, there 
is described a technique that an operable area in the 
lean burn is expanded by increasing the air amount. In 
the publication mentioned above, there is disclosed a 
technique that an amount of oxygen corresponding to 40 
an increase of the fuel injection amount is secured by 
executing a supercharging, and the air-fuel mixture hav- 
ing a suitable air fuel ratio can be formed around the 
ignition plug, thereby preventing the smoke from being 
generated due to the incomplete combustion. 45 
[0004] In accordance with the technique described in 
the prior art mentioned above, the lean bum area can 
be expanded while inhibiting the smoke discharge, how- 
ever, there is listed up a new problem that an NOx dis- 
charge amount is increased in proportion to the in- so 
creased air amount. The lean burn engine such as the 
direct gasoline injection engine or the like is provided 
with an NOx catalyst which temporarily adsorbs the NOx 
in the exhaust gas so as to accumulate at a fixed 
amount, and thereafter purifies the NOx in accordance ss 
with an operation of a reducing agent such as CO, HC 
component or the like. In order to purify the NOx accu- 
mulated in the NOx catalyst, a rich spike control which 



temporarily makes the air fuel ratio rich and supplies the 
fuel (CO or HC component) not contributing to the com- 
bustion to the catalyst is executed at every fixed inter- 
vals. Since the rich spike control additionally injects the 
fuel which does not contribute to the combustion, the 
specific fuel consumption is deteriorated. Accordingly, it 
is possible to improve the specific fuel consumption by 
expanding the lean burn area in accordance with the su- 
percharging, however, there is generated a problem that 
the specific fuel consumption is deteriorated by the in- 
crease of the number of rich spike control and the fuel 
injection amount which are caused by the increase of 
NOx discharge amount. 

[0005] On the contrary, in recent years, there is pro- 
posed a compression ignition engine which ignites and 
burns a gasoline air-fuel mixture on the basis of a com- 
pression motion of a piston without using the ignition 
plug. The compression ignition engine has a potential 
capable of reducing an NOx discharge concentration to 
1/10 or less in comparison with the conventional gaso- 
line engine which executes the ignition and the combus- 
tion by using the ignition plug. Accordingly, since the 
NOx catalyst is not required, it is possible to simplify an 
exhaust system, and it is also possible to remove the 
fuel deterioration element such as the rich spike control. 
However, since this engine does not have any ignition 
source, it is hard to control the ignition and the combus- 
tion in a wide operation area of the engine, and the tech- 
nique has not been established yet. Further, since the 
operation area on the basis of the compression ignition 
is limited to a very narrow range having a low speed and 
a low load, a lot of efforts for expanding the area have 
been executed. 

[0006] For example, in JP-A-2000-31 0120, there is 
disclosed a technique of changing the number of com- 
bustion during a cycle in correspondence to the load 
such as one combustion per four stroke or one combus- 
tion per two stroke, at a time of judging a self ignition 
combustion so as to expand the operation area. Further, 
in JP-A-2001 -3800, there is disclosed a method of con- 
trolling an ignition timing by using a plurality of fuel in- 
jections as a trigger for ignition. However, none of the 
techniques are sufficient for the engine employed in a 
motor vehicle. 

[0007] Accordingly, it is possible to expand the oper- 
able range on the basis of the lean burn which is advan- 
tageous in view of improving the specific fuel consump- 
tion in the direct gasoline injection engine, however, 
since the rich spike control is required in view of the 
structure of the exhaust system provided with the NOx 
catalyst, there is a problem that the specific fuel con- 
sumption is not improved in an actual traveling condi- 
tion. Further, in the compression ignition engine which 
can construct the exhaust system requiring no NOx cat- 
alyst, there has not been established a technique which 
can achieve the low NOx combustion in a wide operation 
range. Accordingly, none of the techniques are sufficient 
in view of the engine system which can achieve both of 
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the improvement of specific fuel consumption and the 
reduction of exhaust gas. 

SUMMARY OF THE INVENTION 

[0008] The present invention is made by taking the 
matters mentioned above into consideration, and a first 
object of the present invention is to reduce an exhaust 
gas in a lean burn area which is expanded by a super- 
charging, in a direct gasoline injection engine provided 
with a turbocharger. A second object of the present in- 
vention is to prevent a knocking and a misfire at a time 
of self ignition combustion. 

[0009] The first object mentioned above can be basi- 
cally achieved by setting a combustion mode to a strat- 
ified combustion mode at a time when a suction pres- 
sure of an engine is equal to or less than an atmospheric 
pressure and/or switching the combustion mode to a self 
ignition combustion mode at a time when the suction 
pressure of the engine is equal to or more than the at- 
mospheric pressure, in a direct gasoline injection type 
internal combustion engine provided with a turbocharg- 
er. 

[0010] In particular, the-first object can be achieved 
by a method of controlling a direct gasoline injection en- 
gine, the direct gasoline injection engine comprising: 

a fuel injection valve which is capable of directly in- 
jecting a fuel into a combustion chamber of the en- 
gine; 

an intake valve and an exhaust valve which are 
combined with the combustion chamber of the en- 
gine; 

a variable valve mechanism which makes a phase 
of the intake valve and/or the exhaust valve varia- 
ble; 

a turbine which is placed in an exhaust passage of 
the engine and is turned by an exhaust gas; 
a compressor which is placed in an intake passage 
of the engine and is turned by a rotary force of the 
turbine; 

a catalyst which is disposed in a downstream side 
of the turbine; 

a bypass passage which bypasses the turbine; and/ 
or 

a control valve which is capable of adjusting an ex- 
haust gas flow amount to the bypass passage, 

wherein a combustion mode is switched from a 
stratified combustion to a self ignition combustion at a 
time when a suction pressure of the engine is equal to 
or more than an atmospheric pressure. 
[0011] Further, the second object can be basically 
achieved by setting an ignition timing to a range be- 
tween a top dead center and 1 0 degrees after the top 
dead center (0 to 10 (ATDC)) at a time of operating an 
engine in accordance with a self ignition combustion 
mode, in a direct gasoline injection type internal com- 
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bustion engine provided with a turbocharger in which a 
combustion mode is switched to a stratified combustion 
mode or a self ignition combustion mode in correspond- 
ence to a suction pressure of the engine. 
[0012] In particular, the second object can be 
achieved by a method of controlling a direct gasoline 
injection engine, the direct gasoline injection engine 
comprising: 

a fuel injection varve which is capable of directly in- 
jecting a fuel into a combustion chamber of the en- 
gine; 

an intake varve and an exhaust valve which are 
combined with the combustion chamber of the en- 
gine; 

a variable valve mechanism which makes a phase 
of the intake valve or the exhaust varve variable; 
a turbine which is placed in an exhaust passage of 
the engine and is turned by an exhaust gas; 
a compressor which is placed in an intake passage 
of the engine and is turned by a rotary force of the 
turbine; 

a catalyst which is disposed in a downstream side 
of the turbine; 

a bypass passage which bypasses the turbine; and/ 
or 

a control valve which is capable of adjusting an ex- 
haust gas flow amount to the bypass passage, 



30 wherein an ignition timing is set to a predeter- 

mined value after a top dead center at a time of operat- 
ing the engine in accordance with a self ignition com- 
bustion mode. 

[0013] Further, in order to achieve the method men- 
35 tioned above, it is necessary to provide an internal com- 
bustion engine comprising: 



a fuel injection valve which directly supplies a fuel 

into a combustion chamber of the engine; 

an ignition plug which supplies an ignition spark 

within the combustion chamber; 

a turbine which is provided in an exhaust passage 

of the engine; 

a supercharger which is driven by the turbine and 
compresses an air passing through an intake pas- 
sage; and/or 

a control apparatus which switches a combustion 
mode from a plug ignition to a self ignition in corre- 
spondence to an operation state of the engine. 
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[001 4] Other objects, features and advantages of the 
invention will become apparent from the following de- 
scription of the embodiments of the invention taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is a schematic view which shows an entire 5 
structure of an internal combustion engine; 
Fig. 2 is a schematic view which shows an operation 
area map for determining a combustion mode; 
Fig. 3 is a schematic view which shows a phase type 
variable valve mechanism; 10 
Fig. 4 is a schematic view which shows lift curves 
of an intake valve and an exhaust valve; 
Fig. 5 is a schematic view of an inner side of a com- 
bustion chamber at a time of stratified combustion 
and a conceptual diagram which shows a relation 15 
between a fuel injection and an ignition timing; 
Fig. 6 is a schematic view of the inner side of the 
combustion chamber at a time of self ignition com- 
bustion and a conceptual diagram which shows a 
relation between a fuel injection and an ignition tim- 20 
ing; 

Fig. 7 is a schematic view which describes a heat 
generation rate in a spark ignition combustion and 
a self ignition combustion; 

Fig. 8 is a schematic view which describes the heat 25 
generation rate in the spark ignition combustion and 
the self ignition combustion; 

Fig. 9 is a schematic view which describes a torque 
difference between the spark ignition combustion 
and the self ignition combustion; and 30 
Fig. 10 is a flow chart of a combustion switching 
control from the stratified combustion to the self ig- 
nition combustion. 

[0016] A description will be given of the present inven- 35 
tion, provided in a gasoline engine system for a motor 
vehicle, with reference to the accompanying drawings. 
[0017] A gasoline engine system 1 shown in Fig. 1 is 
provided with an intake system which introduces an air 
to an engine, an exhaust system which discharges a 40 
combustion gas output from the engine, and a turbo- 
charger which is placed within pipes of the intake system 
and the exhaust system. 

[0018] The intake system is provided with an air 
amount sensor 2 which measures an amount of air in- <5 
troduced from an air cleaner (not shown), a compressor 
31 which supercharges the introduced air, an intake 
passage 4 which connects the compressor 31 to a throt- 
tle valve 3, an intake manifold 9 which distributes the air 
passing through the throttle valve 3 into respective cyl- so 
inders, and a surge tank 5 which is provided between 
the intake manifold 9 and the throttle valve 3 for inhibit- 
ing an intake air pulsation. Since the intake air which is 
supercharged by the compressor 31 is increased in tem- 
perature, the structure is frequently made such that an 55 
inter cooler 33 is generally placed in the middle of the 
intake passage 4 so as to reduce a temperature of the 
intake air. 



[001 9] An engine is of a direct gasoline injection type, 
and is provided with a fuel injection valve 19 for directly 
injecting a fuel 15 into a combustion chamber 22, a pis- 
ton 23, an intake valve 13, an exhaust valve 14, an ig- 
nition plug 12, a changeable mechanism 8 for the ex- 
haust valve, a water temperature sensor 21 , a knocking 
sensor 1 6, a crank mechanism 24, and crank angle sen- 
sors 25 and 26. Further, the engine is provided with a 
control valve 6 for generating an air flow within the com- 
bustion chamber 22 and a rectifying plate 10 in a con- 
nection portion to the intake system. 
[0020] The exhaust system is provided with a turbine 
32 which is connected to an exhaust passage 18 from 
the engine, a catalyst 1 1 which is disposed in a down- 
stream side thereof and comparatively close to the en- 
gine, and a catalyst 1 7 which is disposed near an under 
floor of a vehicle. The catalyst 1 1 is generally constituted 
by a three way catalyst which can simultaneously purify 
HC, CO and NOx, and the catalyst 17 is generally con- 
stituted by an NOx catalyst which temporarily adsorbs 
NOx under a lean ambient atmosphere and purifies on 
the basis of a rich spike control at every fixed intervals. 
Further, there are provided with a pipe 30 which is dis- 
posed in the middle of the exhaust passage 1 8 and by- 
passes from an upstream side of the turbine 32 to a 
downstream side thereof, and a control valve 34 which 
can change a flow passage area of the bypass passage 
30. 

[0021] An engine operation is in summary performed 
as follows. A volumetric capacity of the combustion 
chamber 22 is changed in accordance with an operation 
of the piston 23 which is connected to the crank mech- 
anism 24 of the engine. A gas after combustion is dis- 
charged in accordance with a vertical motion of the pis- 
ton 23, and a fresh air is sucked into the engine. The 
sucked air is controlled in a suction amount by the throt- 
tle valve 3 which is arranged in the intake passage 4. 
The throttle valve 3 may be constituted by an electronic 
control throttle valve which converts a change amount 
of an accelerator pedal into an electric signal so as to 
drive by a motor. An amount of air which is sucked into 
the engine is measured by the air amount sensor 2 
which is provided in an upstream side of the throttle 
valve. The sucked air is filled into the surge tank 5. The 
surge tank 5 has an effect of inhibiting a pressure fluc- 
tuation within the intake manifold 9. There is a case that 
an external EGR passage (not shown) is connected to 
the collector 5. The suction air is sucked within the com- 
bustion chamber 22 on the basis of a motion of the air 
flow control valve 6 while generating the air flow. 
[0022] The fuel is supplied to the fuel injection valve 
19 by a fuel pump (not shown) after a fuel pressure 
thereof is increased to a preset value. In an amount of 
fuel which is injected from the fuel injection valve 19, an 
injection pulse width is computed so as to become a pre- 
set air-fuel ratio within a control unit (not shown) on the 
basis of a value which is measured by the air amount 
sensor 2. The fuel injection valve 1 9 injects the fuel in 
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accordance with an injection signal output from the con- 
trol unit. A rotation number of the engine can be meas- 
ured, for example, by using output signals of a crank 
angle sensor 25 mounted to a crank mechanism 24 and 
a magnetic pickup 26. 

[0023] The exhaust gas discharged from the combus- 
tion chamber 22 is introduced within the turbine 32 
which is placed in the middle of the exhaust passage 
1 8, is converted a high temperature energy into a rota- 
tion work of the turbine, and is discharged. The com- 
pressor 31 which is coaxially connected with the turbine 
increases the rotation number on the basis of the energy 
received by the turbine 32, and supercharges the newly 
introduced air so as to feed into the engine. The exhaust 
gas discharged from the turbine 32 passes through the 
catalyst 1 1 which is mounted to the exhaust system , and 
a harmful component (for example, HC, NOx and CO) 
in the exhaust gas is removed at that time. Further, in 
the case of a lean burn, since it is impossible to purify 
the NOx component by the catalyst 1 1 due to a lean am- 
bient atmosphere in which a lot of oxygen exists in the 
exhaust gas, the NOx is temporarily adsorbed by the 
catalyst 17, the rich spike control is executed at every 
fixed intervals, and the accumulated NOx is reduced 
and discharged. The structure may be made such that 
an air-fuel ratio sensor, an exhaust gas temperature 
sensor and an oxygen sensor which are not illustrated 
are mounted in front and rear sides of the catalysts 11 
and 1 7, thereby sensing various kinds of information 
concerning the exhaust gas and reflecting to a control 
by means of the control unit. 

[0024] As a low NOx technique for a direct gasoline 
injection engine in which a lean bum area is expanded 
by supercharger such as a turbo or the like, a combina- 
tion with a compression ignition engine can be consid- 
ered. That is, it corresponds to a technique in which a 
self ignition combustion is executed in an area having 
an increased air amount due to the supercharging for 
reducing the NOx discharge amount, whereby an 
amount of adsorption to the NOx catalyst is reduced. 
Since the self ignition is easily generated by making an 
interior side of the combustion chamber high tempera- 
ture and high pressure, it is comparatively easy to make 
a condition for self igniting in the supercharging area. 
However, since a spark ignition combustion is executed 
by the ignition plug immediately before giving way to the 
self ignition combustion, a control at a time of switching 
the combustion is required. For example, JP-A- 
11-336600 describes a switching operation from the 
spark ignition combustion to the self ignition combustion 
by the ignition plug. In particular, there is described a 
switching means for switching the combustion mode in 
correspondence to the NOx sensor output, and a matter 
of maintaining the ignition timing during the self ignition 
combustion in the same value as the set value during 
the spark ignition combustion. 

[0025] However, since the self ignition combustion 
rapidly generates the heat, an ideal ignition timing is ex- 



pected to be set to a phase lag side for the purpose of 
actually maintaining the same torque. In the case of 
keeping to set the ignition timing to the same as that at 
the spark ignition combustion time, there is a possibility 
5 that the combustion within the self ignition combustion 
area becomes the ignition combustion performed by the 
ignition plug, that is, the combustion accompanying with 
a flame propagation, so that not only the NOx discharge 
amount is increased, but also there is a possibility that 
10 the knocking is generated so as to break the engine. 
[0026] Fig. 2 shows an operation area map for deter- 
mining a combustion mode of the engine 1. A vertical 
axis in Fig. 2 shows a shaft torque, which may be a 
torque measured from a crank shaft of the engine 1 or 

is may be a required shaft torque computed on the basis 
of an amount of operating an accelerator pedal by a driv- 
er. The following description will be given on the as- 
sumption of the required shaft torque in the absence of 
a particular description. The engine 1 previously stores 

20 the operation area map as shown in Fig. 2 within the 
control unit, and the fuel injection timing and the ignition 
timing are controlled so as to execute a combustion as- 
pect of an operating point which is determined on the 
basis of the engine rotation number and the required 

25 shaft torque. A natural intake (denoted by NA in the 
drawing) engine which corresponds to a base of the 
present invention has a lean burn area (described by a 
stratified operation area in the drawing) which is advan- 
tageous for improving a specific fuel consumption, and 

30 a homogenous operation area, and the operation is ba- 
sically executed in accordance with the lean bum as far 
as an adverse effect is not given to an acceleration per- 
formance of the vehicle if an engine water temperature 
is equal to or more than a predetermined value. Lines 

35 shown by dotted lines in the drawing respectively corre- 
spond to torque limit lines of the stratified operation area 
and the homogenous operation area, and show areas 
in which the throttle valve 3 is fully opened. In the natural 
intake engine, since the intake air amount is limited by 

40 the air amount by which the throttle valve 3 is fully 
opened, as mentioned above, the area in which the lean 
burn can be executed is limited to an area in which the 
engine torque is comparatively low. 
[0027] In order to expand the lean bum area which is 

45 advantageous for the specific fuel consumption, the en- 
gine 1 in accordance with the present invention is pro- 
vided with the turbocharger. As a result, when the throt- 
tle valve 3 is fully opened, torque characteristics of the 
stratified operation area and the homogenous operation 

50 area respectively become as shown by solid lines. A 
point of the present invention is operating the stratified 
operation area which is expanded by the supercharging 
in accordance with the self ignition combustion, and in 
particular providing the self ignition area in the area in 

55 which the supercharging pressure becomes equal to or 
more than the atmospheric pressure. 
[0028] A condition for executing the natural ignition 
combustion is making the interior side of the combustion 
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chamber 22 high pressure and high temperature. Ac- 
cordingly, it is effective to set a compression ratio high 
and introduce the EGR. By making the compression ra- 
tio high, it is possible to make a temperature and a pres- 
sure of air-fuel mixture within the combustion chamber s 
22 after compressing the piston high. However, in the 
case of the system in which the self ignition combustion 
and the spark ignition combustion are combined, there 
is a risk that the knocking is generated at the spark ig- 
nition combustion time by setting the compression ratio 10 
high, so that the compression ratio can not be blindly 
set to be high. Accordingly, the compression ratio of the 
direct gasoline injection engine is generally set to about 
10 to 12. 

[0029] As another method of making the temperature *5 
and the pressure of the air-fuel mixture high, there can 
be considered a method of increasing the intake air 
amount. The volumetric capacity of the combustion 
chamber 22 is maximum at a time when the piston is at 
a bottom dead center, no air amount over that can not 20 
be sucked in the natural intake engine, however, in the 
case that the turbocharger is provided, it is possible to 
suck a large amount of air, and the pressure before com- 
pressing the piston becomes equal to or more than the 
atmospheric pressure. As a result, it is possible to make 25 
the temperature and the pressure of the air-fuel mixture 
within the combustion chamber 22 after compressing 
the piston. Further, an inert gas such as a carbon dioxide 
which is generated in accordance with the combustion 
or the like or an active gas made radical is contained in 30 
the EGR gas, and such a gas has an effect of inhibiting 
or promoting the ignition of the air-fuel mixture becoming 
high temperature and high pressure. Accordingly, the 
EGR gas amount can be utilized for controlling the igni- 
tion timing. 35 
[0030] The changeable mechanisms 7 and 8 for the 
intake valve 13 and the exhaust valve 14 are employed 
for controlling the EGR gas amount. A changeable 
mechanism will be shown in Fig. 3. A variable valve 
mechanism 44 is provided between a cam shaft 41 and 40 
a cam sprocket 43 connecting a timing belt 42, and ro- 
tation phases of the cam shaft 41 and the timing belt 42 
are shifted, for example, by moving a screw portion of 
the variable valve mechanism 44 in accordance with a 
hydraulic control or the like. Further, it is possible to em- 45 
ploy a method of rotating the cam sprocket 43 by a motor 
so as to shift the phases of the cam shaft 41 and the 
timing belt 42. 

[0031] Fig. 4 shows a method of controlling the intake 
valve and the exhaust valve by means of the changea- so 
ble mechanism mentioned above. A lift curve of the ex- 
haust valve is denoted by reference numeral 45, and the 
exhaust valve is structured such as to be closed at a 
timing a little over the top dead center (denoted by ref- 
erence symbol TDC in the drawing). A lift curve of the ss 
intake valve is denoted by reference numeral 46, and 
the intake valve is structured such as to be opened at a 
timing a little before the top dead center (denoted by 



reference symbol TDC in the drawing). In this combina- 
tion of the lift curves, there exists a period for which both 
of the intake valve and the exhaust valve are a little 
opened, near the top dead center. The period is called 
as an overlap period. When the overlap period is great, 
the exhaust gas which is temporarily discharged to the 
exhaust passage is flowed backward to e combustion 
chamber. The EGR gas can be introduced into the com- 
bustion chamber by utilizing this phenomenon. Further, 
in the case of spark advancing the lift curve of the ex- 
haust valve as shown by reference numeral 47 and 
phase lagging the lift curve 48 of the intake valve as 
shown by reference numeral 48, the exhaust valve is 
closed during the exhaust stroke, so that the exhaust 
gas is confined in the combustion chamber without be- 
ing completely discharged. The EGR gas may be intro- 
duced into the combustion chamber by utilizing this phe- 
nomenon. The EGR gas introduced into the combustion 
chamber is utilized for the combustion control in the next 
cycle. 

[0032] Fig. 5 shows a relation between the fuel injec- 
tion and the ignition timing at a time of the stratified com- 
bustion. In the stratified combustion mode, the fuel 15 
is concentrated near a gap of the ignition plug 12 while 
being vaporized, on the basis of functions of an air flow 
49 which is generated within the combustion chamber 
22 by injecting the fuel 15 during the compression 
stroke, a cavity which is formed on a top surface of the 
piston 23, and the like. As a result, even in the lean air- 
fuel mixture which is viewed as a whole, the air-fuel ratio 
in the periphery of the ignition plug gap becomes about 
10 to 15 by which the ignition and combustion is easily 
performed. A relation between the fuel injection timing 
and the ignition timing will be conceptually shown by a 
chart in a right side of Fig. 5. 

[0033] On the contrary, a relation between the fuel in- 
jection and the ignition timing at a time of the self ignition 
combustion is shown in Fig. 6. When the condition for 
executing the self ignition combustion is prepared, the 
combustion mode is changed from the stratified com- 
bustion mode shown in Fig. 5 to the self ignition com- 
bustion mode shown in Fig. 6. In the self ignition com- 
bustion, in order first to form the homogenous air-fuel 
mixture, the injection is separated into a plurality of times 
(at least twice), so that the injection at a first time is ex- 
ecuted in the initial stage of the suction stroke, and the 
injection at a second time is executed in the last half of 
the compression stroke. The fuel injected in the initial 
stage of the suction stroke is diffused into a whole within 
the combustion chamber 22, and is formed in the ho- 
mogenous air-fuel mixture while being mixed with the 
air or being mixed with the air and the EGR gas in the 
case that the EGR gas mentioned above is introduced. 
The homogenous air-fuel mixture is increased in the 
temperature and the pressure in accordance with the 
piston compression, and runs into the ignition because 
of an active radical reaction which is required for the self 
ignition combustion. When the amount of fuel which is 
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injected in the suction stroke is more, the radical reac- 
tion is early generated and the ignition timing becomes 
early. The ignition timing can be controlled on the basis 
of the EGR gas amount mentioned above, and can be 
also controlled on the basis of the radical reaction 
amount, that is, the fuel injection amount at the first time. 
Accordingly, the fuel injection amount at the first time is 
adjusted and the radical reaction amount is inhibited, 
and then the injection at the second time is executed 
near the top dead center. The radical reaction becomes 
again active by the fuel which is injected at the second 
time and runs to the ignition. 

[0034] Fig. 7 shows heat release rates at the spark 
ignition combustion time and the self ignition combus- 
tion time. The heat release rate is obtained by applying 
a waveform analysis to the pressure change within the 
combustion chamber 22. This schematic view is based 
on an experimental data, however, is described in a sim- 
plified manner for convenience of explanation. The ig- 
nition timing at the spark ignition combustion time is set 
to 5 degrees before the top dead center (- 5 (ATDC) in 
the drawing), and the heat generation is comparatively 
slowly started after the ignition as shown by a broken 
line 50. A peak position of the heat release rate exists 
after the top dead center, the heat release rate is slowly 
reduced thereafter, and the combustion is finished. The 
ignition timing at the self ignition combustion time can 
be controlled on the basis of the EGR gas amount and 
the injection timing as mentioned above. In the case of 
setting the ignition timing to 5 degrees before the top 
dead center (- 5 (ATDC) in the drawing), a slight change 
is seen in the heat release rate before the ignition as 
shown in a solid line 51 . This is called as a cool flame 
reaction, and expresses that the radical reaction be- 
comes active. Since a lot of apparent ignition points exist 
in the self ignition combustion, a combustion speed at 
an early stage after the ignition is higher than a combus- 
tion speed at the spark ignition timing, and the peak po- 
sition of the heat release rate becomes before the top 
dead center. Since the matter that the peak position of 
the heat release rate comes to before the top dead cent- 
er means that the piston performs the compression mo- 
tion against the pressure increase generated by the 
combustion, an efficiency of converting the energy gen- 
erated by the combustion into a mechanical work is re- 
duced. It is ideal that the peak position of the heat re- 
lease rate is set to the position slightly lagged from the 
top dead center. Accordingly, at a time of being changed 
from the stratified combustion to the self ignition com- 
bustion, it is necessary to set to the ignition timing which 
is suitable for the self ignition combustion. 
[0035] Fig. 8 shows a heat release rate of the self ig- 
nition combustion at a time of making the ignition timing 
proper. The ignition timing is phase lagged from the 
state shown in Fig. 7 so that the peak position of the 
heat release rate 56 becomes after the top dead center. 
If the ignition timing is still set to the ignition timing at the 
stratified combustion time at a time of being changed 



from the stratified combustion to the self ignition com- 
bustion, the combustion starts on the basis of the spark 
ignition before the cool frame reaction occurs as shown 
in the heat release rate 57, and the knocking is gener- 
5 ated. Since the self ignition combustion has the high 
combustion speed, the ignition timing is lagged from the 
ignition timing at the spark ignition combustion time in 
order to obtain a suitable combustion. Accordingly, in 
order to smoothly give way to the self ignition combus- 
10 tion, it is necessary to lag the ignition timing rather than 
the ignition timing of the self ignition combustion. 
[0036] After giving way to the self ignition combustion, 
the ignition timing is changed from the set value at the 
spark ignition combustion time to after the top dead 

15 center. In Fig. 8, there is shown the ignition timing set 
to 5 degrees after the top dead center (5 (ATDC) in the 
drawing). The ignition operation is continued after giving 
way to the self ignition combustion because of prevent- 
ing the exhaust gas from being deteriorated due to the 

20 misfire. In the case of the misfire, an unburned fuel is 
discharged, however, it is possible to ignite and burn the 
misfired air-fuel mixture in accordance with the spark ig- 
nition by setting the ignition timing to after the top dead 
center. However, in this case, since the ignition timing 

25 is not set to the ignition timing suitable for the spark ig- 
nition combustion, a generation torque is lowered. 
When a difference between a torque in accordance with 
the normal self ignition combustion and a torque in ac- 
cordance with the spark ignition combustion becomes 

30 large, a torque step is generated and gives a bad influ- 
ence to an operation characteristic. This becomes sig- 
nificant in accordance that the ignition timing is lagged. 
Fig. 9 shows an experimental data. On the assumption 
that the generation torque at the normal self ignition 

35 combustion time is 100, the generation torque at the 
spark ignition combustion time is lowered in accordance 
that the ignition timing is lagged ratherthan the top dead 
center. It is known from the experimental result that a 
torque reduction of 1 0 % is an allowable range, and it is 

40 necessary to set the ignition timing to a range between 
the top dead center and 10 degrees after the top dead 
center (10 (ATDC) in the drawing). A relation between 
the fuel injection timing at the self ignition combustion 
time and the ignition timing is conceptual ry shown by a 

45 chart in a right side of Fig. 6. 

[0037] The mode is changed from the stratified com- 
bustion mode to the self ignition combustion mode after 
the turbocharger starts working and the intake pressure 
becomes equal to or more than the atmospheric pres- 
to sure, as shown in Fig. 2. As a method of detecting 
whether or not the stratified combustion mode gives way 
to the self ignition combustion mode, there is a method 
of judging on the basis of the change of the heat release 
rate which can be obtained by analyzing the pressure 

55 waveform within the combustion chamber 22 as shown 
in Fig. 7. In this method, it is possible to judge the knock- 
ing, the misfire and the like on the basis of the pattern 
of the heat release rate. Further, as another method 
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which employs outputs from the exhaust gas tempera- 
ture sensor and the NOx concentration sensor attached 
to the exhaust pipe, there is a method of judging that the 
stratified combustion mode gives way to the self ignition 
combustion mode in the case that the outputs are over 5 
predetermined values. When the mode is changed from 
the stratified combustion mode to the self ignition com- 
bustion mode, the exhaust temperature is lowered, and 
the NOx concentration in the exhaust gas is extremely 
reduced. The self ignition judging means judges giving 10 
way to the self ignition combustion mode in correspond- 
ence to the output signals. 

[0038] A flow chart of a combustion switching control 
from the stratified combustion mode to the self ignition 
combustion mode is shown in Fig. 10. The combustion *5 
switching control is started at a time when the condition 
for the self ignition combustion such as the intake pres- 
sure, the intake temperature, the variable valve mech- 
anism set value or the like is established. At first, in a 
step 1 (in the drawing, the step is denoted by reference 20 
symbol S), the fuel injection timing and the ignition tim- 
ing at the stratified combustion time before the combus- 
tion is switched are maintained. In a step 2, the self ig- 
nition judging means mentioned above judges on the 
basis of the output signals from the exhaust temperature 25 
sensor and the NOx sensor whether or not the self igni- 
tion combustion is generated. In the case that the self 
ignition combustion is started, the step goes to a step 8, 
and in the case that it is not started, the step goes to a 
step 3. In the step 3, the set value of the variable valve 30 
mechanism is changed so that the internal EG R amount 
is increased so as to make a state in which the self ig- 
nition combustion is easily generated. The radical reac- 
tion becomes active by the internal EGR gas, and the 
state in which the self ignition combustion is easily gen- 35 
erated is made. In the case that the self ignition com- 
bustion is started in a step 4, the step goes to the step 
8, and in the case that it is not started, the step goes to 
a step 5. In the step 5, in order to make a state in which 
the self ignition combustion is further easily generated, 40 
a separation injection control is started. In the separa- 
tion injection control, the fuel injection is separated into 
two or more times at the lowest. In the case that the self 
ignition combustion is started in a step 6, the step goes 
to the step 8, and in the case that it is not started, the 45 
step goes to a step 7. In the step 7, the change to the 
self ignition combustion is given up, and the setting is 
changed to the setting of the fuel injection timing and 
the ignition timing at the homogenous combustion time, 
whereby the combustion switching control is finished. 50 
[0039] In the case that the self ignition combustion is 
started in each of the steps 2, 4 and 6, the various kinds 
of control signals of the fuel injection timing, the ignition 
timing, the variable valve and the like are kept in the step 

8, and the ignition timing control of lagging the ignition ss 
timing to after the top dead center is executed in a step 

9. In a step 10, the ignition timing control is executed so 
that the self ignition combustion is continued even when 



the intake pressure, the intake temperature, the internal 
EGR amount and the like are changed, whereby the 
combustion switching control is finished. 
[0040] As described above, in accordance with the 
control method of the internal combustion engine of the 
present invention, it is possible to prevent the NOx dis- 
charge amount from being increased while improving 
the specific fuel consumption on the basis of the expan- 
sion of the lean bum area. The number of the rich spike 
control is reduce due to the reduction of the NOx dis- 
charge amount, and the specific fuel consumption is fur- 
ther improved. Further, the knocking can be prevented 
by setting the ignition timing within the predetermined 
range after the top dead center at a time of giving way 
to the self ignition combustion mode, it is possible to pre- 
vent the unbumed gas from being discharged due to the 
misfire, and it is possible to reduce the torque step. 
[0041 ] It should be further understood by those skilled 
in the art that although the foregoing description has 
been made on embodiments of the invention, the inven- 
tion is not limited thereto and various changes and mod- 
ifications may be made without departing from the spirit 
of the invention and the scope of the appended claims. 

Claims 

1. A method of controlling a direct gasoline injection 
type internal combustion engine provided with a tur- 
bocharger comprising the steps of: 

setting a combustion mode to a stratified com- 
bustion mode (Fig. 5) at a time when a suction 
pressure of an engine is equal to or less than 
an atmospheric pressure; and 
switching the combustion mode to a self ignition 
combustion mode (Fig. 6) at a time when the 
suction pressure of the engine is equal to or 
more than the atmospheric pressure. 

2. A method of controlling a direct gasoline injection 
type internal combustion engine provided with a tur- 
bocharger in which a combustion mode is switched 
to a stratified combustion mode (Fig. 5) or a self ig- 
nition combustion mode (Fig. 6) in correspondence 
to a suction pressure of the engine, comprising the 
steps of: 

setting an ignition timing to a range between a 
top dead center and 1 0 degrees after the top 
dead center (0 to 1 0 (ATDC)) at a time of oper- 
ating an engine in accordance with a self igni- 
tion combustion mode. 

3. A direct gasoline injection type internal combustion 
engine provided with a turbocharger comprising: 

a fuel injection valve (19) which directly sup- 
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plies a fuel (15) into a combustion chamber (22) 
of the engine; 

an ignition plug (12) which supplies an ignition 
spark within the combustion chamber, 
a turbine (32) which is provided in an exhaust s 
passage (18) of the engine; 
a supercharger (31 ) which is driven by said tur- 
bine (32) and compresses an air passing 
through an intake passage (4); and 
a control apparatus which switches a combus- 10 
tion mode from a plug ignition to a self ignition 
in correspondence to an operation state of the 
engine. 

A method of controlling a direct gasoline injection *s 
engine, said direct gasoline injection engine com- 
prising: 

a fuel injection valve (19) which is capable of 
directly injecting a fuel (15) into a combustion 20 
chamber (22) of the engine; 
an intake valve (13) and an exhaust valve (14) 
which are combined with the combustion cham- 
ber (22) of the engine; 

a variable valve mechanism (7, 8) which makes zs 
a phase of said intake valve (13) or said ex- 
haust valve (14) variable; 
a turbine (32) which is placed in an exhaust 
passage (18) of said engine and is turned by 
an exhaust gas; 30 
a compressor (31) which is placed in an intake 
passage (4) of said engine and is turned by a 
rotary force of said turbine (32); 
a catalyst (11) which is disposed in a down- 
stream side of said turbine; 35 
a bypass passage (30) which bypasses said 
turbine (32); and 

a control valve (34) which is capable of adjust- 
ing an exhaust gas flow amount to said bypass 
passage (30), 40 

wherein a combustion mode is switched from 
a stratified combustion to a self ignition combustion 
at a time when a suction pressure of said engine is 
equal to or more than an atmospheric pressure. *s 

A method of controlling a direct gasoline injection 
engine, said direct gasoline injection engine com- 
prising: 

50 

a fuel injection valve (1 9) which is capable of 
directly injecting a fuel (15) into a combustion 
chamber (22) of the engine; 
an intake valve (13) and an exhaust valve (14) 
which are combined with the combustion cham- ss 
ber (22) of the engine; 

a variable valve mechanism (7, 8) which makes 
a phase of said intake valve (13) or said ex- 



haust valve (14) variable; 
a turbine (32) which is placed in an exhaust 
passage (18) of said engine and is turned by 
an exhaust gas; 

a compressor (31) which is placed in an intake 
passage (4) of said engine and is turned by a 
rotary force of said turbine (32); 
a catalyst (11) which is disposed in a down- 
stream side of said turbine (32); 
a bypass passage (30) which bypasses said 
turbine (32); and 

a control valve (34) which is capable of adjust- 
ing an exhaust gas flow amount to said bypass 
passage (30), 

wherein an ignition timing is set to a predeter- 
mined value after a top dead center at a time of op- 
erating said engine in accordance with a self ignition 
combustion mode. 

6. A method of controlling a direct gasoline injection 
engine, said direct gasoline injection engine com- 
prising: 

a fuel injection valve (19) which is capable of 
directly injecting a fuel (15) into a combustion 
chamber (22) of the engine; 
an intake valve (13) and an exhaust valve (14) 
which are combined with the combustion cham- 
ber (22) of the engine; 

a variable valve mechanism (7, 8) which makes 
a phase of said intake valve (13) or said ex- 
haust valve (14) variable; 
a turbine (32) which is placed in an exhaust 
passage (18) of said engine and is turned by 
an exhaust gas; 

a compressor (31) which is placed in an intake 
passage (4) of said engine and is turned by a 
rotary force of said turbine (32); 
a catalyst (11) which is disposed in a down- 
stream side of said turbine (32); 
a bypass passage (30) which bypasses said 
turbine (32); 

a control valve (34) which is capable of adjust- 
ing an exhaust gas flow amount to said bypass 
passage (30); and 

a self ignition judging means which detects a 
change to the self ignition combustion mode, 

wherein an ignition timing is set to a predeter- 
mined value after a top dead center on the basis of 
a result of judgement by said self ignition judging 
means. 

7. A method of controlling a direct gasoline injection 
engine as claimed in claim 5, wherein said ignition 
timing is within a range between the top dead center 
and 10 degrees after the top dead center (1 to 10 
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(ATDC)). 

A method of controlling a direct gasoline injection 
engine as claimed in claim 6, wherein said ignition 
timing is within a range between the top dead center 5 
and 10 degrees after the top dead center (1 to 10 
(ATDC)). 
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